Trivalent europium doped yttriate nanophosphors were synthesized by rapid facile gel combustion technique. The photoluminescence (PL) properties of these Eu 3+ activated MY 2 O 4 (M = Mg, Ca, and Sr) nanophosphors showed red luminescence and exhibited excellent emission properties in their respective regions of color coordinates. Based on the excitation wavelengths multiple emission peaks were obtained. The main peak in the emission spectra was ascribed to 5 D 0 → 7 F 2 transition of Eu 3+ ion. The structural and morphological studies were performed by the measurements of X-ray diffraction profiles, scanning electron microscope (SEM) images, and transmission electron microscope (TEM) micrographs. Furthermore, the effects of additional heating on the different host lattices of these phosphors were also studied.
Introduction
Rare earth doped oxide materials have excellent chemical as well as thermal stability along with outstanding luminescent efficiency and their colour purity; consequently these are used for the various applications of display devices [1, 2] . The field emission display (FED) is a developing technology in recent years which has the potential to provide display of high brightness, high contrast ratio, and low power consumption [3] [4] [5] . Phosphor materials have been playing an important role in the development of these advanced lightening and display technologies [6] [7] [8] . The 4f electrons of rare earth ions are responsible for optical and electronic properties to these oxide lattices. Hence, these materials have been used in the field of optical transmission, biochemical probes, and medical diagnosis and have been used for numerous applications [9] .
The RE 3+ doped phosphors originate as suitable materials as these show highly intense emission of light. The selected lattice should be having two or more sites for the integration of RE 3+ and these sites are also less distant for assisting fast energy transfer between ions. Hence, the obtained phosphors will be highly intense with long decay times even with low doping concentration of rare earth ion. Hence, above both conditions are suitable with these MRE 2 O 4 (M = Ca, Sr, and Ba; RE = Y, Gd, Lu, Sc, and In) lattices. Consequently, Eu
3+
doped MRE 2 O 4 luminescent materials are more significant than Eu 3+ doped RE 2 O 3 phosphors. In recent times, MRE 2 O 4 oxide lattices have been searched as potential lattices for the synthesis of rare earth activated phosphors [10] . The SrY 2 O 4 lattice resembles CaFe 2 O 4 related structures which consists of one strontium site of bicapped trigonal prismatic and two yttrium sites. One site for yttrium is almost perfect octahedral site, and the other is significantly distorted one, and both sites occupy without the inversion symmetry [11] [22] spray pyrolysis [23] , and combustion [24, 25] . All these methods require high temperature and time consuming heating process which produces large aggregates and these must be grinded to obtain the finer particles. The grinding process damages the phosphor surfaces, resulting in loss of emission intensity. Among all the above techniques the combustion process has attracted enormous attention due to less reaction time, comparatively low reaction temperature (600 ∘ C), and resulting of more homogeneous products of fine size.
Here, in our work, we used rapid facile gel combustion method for the synthesis of MY 2 O 4 :Eu 3+ (M = Mg, Ca, and Sr) nanomaterials. The prepared materials are further characterized by X-ray diffraction profiles (XRD), scanning electron microscope (SEM) images, transmission electron microscope (TEM) micrographs, and photoluminescence (PL) spectra. The prepared phosphors particles are obtained in the nanorange having high luminescence efficiency. 0.787 gm/when Mg used then weight was taken 0.855 gm), Eu 3+ 0.03 mole (0.045 gm) and calculated HMT (1.402 gm) was used along with small quantity of double distilled water, were heated on a preheated hot plate maintained at 100 ∘ C which produced an aqueous concentrated white semisolid paste within a few minutes. Amount of hexamethylenetetramine fuel was calculated using total oxidizing and reducing valences of materials. The fuel was mixed into previously prepared nitrate mixture. After a smooth mixing the mixture was then transferred to a preheated furnace at 600 ∘ C. On rapid heating the mixture evaporated and ignited, with evolution of a large amount of gasses, to yield yttriate phosphor materials. Entire process was completed within a few minutes. To study the effect of heating the phosphors were reheated in the muffle furnace at 800 and 1100 ∘ C for one hour. The images of prepared phosphor materials without and with UV excitation are shown in Figure 1 . The schematic complete procedure used for the preparation of these nanomaterials is also shown in Figure 2 . The chemical reaction that took place in the combustion of the reactants is represented as follows:
Experimental
Here, M = Ca, Mg, and Sr; = number of water molecules available according to the nature of metal nitrate.
Instrumentation.
The phase purity was determined by taking the XRD patterns using a Rigaku Ultima IV X-ray diffractometer with Cu Ka radiation ( = 1.54178Å) at a scanning rate of 10 ∘ min −1 in 2 range from 10 to 70 ∘ . The morphology of the phosphors was characterized by scanning electron microscopy (SEM JEOL JSM-6400 microscope). Transmission electron microscopy images were taken using FEI Tecnai with a field emission gun operating at 200 kV. The photoluminescence (PL) measurements were recorded with a Fluorimeter SPEX Fluorolog 1680 (USA) equipped with the SPEX 1934 D phosphorimeter having Xenon lamp as excitation source. 
Results and Discussion

X-Ray Diffraction
where is the crystallite diameter (nm), is X-ray wavelength (0.15405 nm), is the diffraction angle, and is the full width at half maximum (FWHM, in radian) peak. The results of XRD patterns are summarized in Table 2 , which are found in good agreement with the particle sizes available in TEM images. The sharpness in XRD patterns is recorded when these materials are reheated at higher temperatures, which indicates that with the increase of annealing temperature the crystallinity is also improved. Calculated particle sizes of as prepared phosphors are ∼15 nm in average but as on further heating at higher temperatures crystallinity increased. Hence, particle sizes also increased and reached up to 50 nm as shown in Table 2 .
Morphology Study.
The morphology of these materials was analyzed using the scanning electron micrographs and transmission electron micrographs which are presented in Figures 6(a), 6 (b), 6(c), 7(a), 7(b), and 7(c), respectively. SEM micrographs of these phosphors indicated the narrow size distribution of agglomeration and spherical shape particles as shown in Figures 6(a) , 6(b), and 6(c). From these SEM images, it is clear that the tip of every particle had circular morphology of aggregated particles. SEM micrographs precisely cannot measure the particle size but TEM images can give good precision of crystal sizes in agreement with crystal sizes as calculated from XRD with the help of Scherrer equation. In TEM micrographs, the particle size of MY 2 O 4 materials varied in the range of 10-25 nm. The powders synthesized by gel combustion method were observed to be more homogeneous and smaller in particle size. [28] . The most intense peak at 612 nm corresponds to the hypersensitive transition between 5 D 0 and 7 F 2 levels due to forced electric dipole transition [29, 30] . The weak emission in the vicinity of 580 to 600 nm is ascribed to the magnetic dipole transition of 5 D 0 and 7 F 0-1 levels. Here, dopant ions in the host lattice occupied mainly the low symmetric site due to which the 5 D 0 → 7 F 2 transition is strongly enhanced, while 5 D 0 → 7 F 0-1 is reduced significantly [31] . A weak intense band is also obtained due to
Photoluminescence Properties. Sites occupied by Eu
The effect of sintering temperature on photoluminescent intensity is also investigated. Figures 8-10 show effect of reheating on these phosphors. The results showed that emission intensity increased with increase of sintering temperature as well as its time duration. Yttriate phosphors are synthesized at 600 ∘ C and then each sample is divided into three parts: one is as prepared; second is recalcined at 800 ∘ C; and third is also recalcined at 1100 ∘ C for 1 h. As sintering temperature increases from 600-1100 ∘ C, the luminescence intensity increases and is found to be maximum at 1100 ∘ C. The effect of change of alkali earth metal ions in this oxide lattice is also shown in Figure 11 . SrY 2 O 4 :Eu while MgY 2 O 4 :Eu 3+ material has lowest luminescence intensity.
Commission Internationale de l'Eclairage (CIE) in 1931 invented a set of three colour matching functions [ ( ), ( ), and ( )] subsequent to red, green, and blue for a 2-degree observer to generate the full range of monochromatic colours. By the use of colour matching functions, light stimuli having any spectral power distribution could be specified for colour by the three ( , , and ) values. ∘ C were marked on the CIE chromaticity diagram which are shown in Figure 12 . 
Conclusions
The series of red-orange light emitting phosphors, that is, MY 2 O 4 (M used for Mg, Ca, and Sr), was successfully synthesized using a rapid facile gel combustion process using hexamethylenetetramine as an organic fuel. The XRD patterns confirmed the cubic structure of were provided emission at 612 nm. Emission intensity of SrY 2 O 4 :Eu 3+ nanophosphor was found maximum than the other prepared materials of this series. On increasing calcination temperature, the luminescence intensity of these materials was also enhanced. XRD patterns showed the presence of single phase components at 600 ∘ C; on further calcination at higher temperature, crystallinity of phosphors was also increased. These prepared phosphors are having efficient light emitting properties that could be suitably used for various solid state lightening applications.
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